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(57) Abstract: A copper alloy for wiring comprising a polycrystaJline copper alloy containing copper (Cu) as a primaiy component 
and an additive metal, wherein the concentration of the additive metal ]»esent in a grain boondaiy of grains constituting the poly- 
ciystalline copper alloy and in the vicinity of the grain boundary is higher than that in the inner portion of the grains, and wheiein 
the additive metal is preferably at least one selected from the group consisting of 1i,,Zr, Hf. Cr, Co, Al, Sn, Ni, Mg and Ag; and a 
method for forming the above Cu wiring which comprises forming a Cu polycrystalline film, forming a layo* of an additive metai 
on the Cu film, and diffusing the additive metal fix)m the layer of an additive metal into the Cu film. The copper alloy is suitable for 
a metal wiring formed in a semiconductor device. 



wo 2004/053971 Al IlilBiliiiiilllHliilliiMnHliii • 



HU. ID. IL, IN. IS. JP. KE, KG. KP. KR, KZ. LC LK. LR, GR, HU. IE. IT. LU. MC. NL, PT, RO. SE. SI. SK, TR\ 

LS. LT. LU. LV. MA. MD. MG. MK. MN, MW. MX. MZ. OAW (BF. BJ. CF. CG. CI, CM. OA. ON, GQ. GW, 

NI.NO.NZ.OM,PG,PH.PL,PT.RO.RU,SCSD,SE. ML, MR. NE, SN, TD. TO). 
SG. SK, SL. SY. TJ. TM, TN.TR.Tr.TZ. UA, UO, US, 

UZ,VC.VN, YU,ZA.2»1,2W. Stt^PltfS: 



f84) li£a<^l£4IJ: ARIP04$l't(GH,GM.KE.LS.MW.MZ. 

SD £. T'iz, UG, i.7«» (AM, 2X^=>- Kat;ffe(Diissi=oixr tt. ^Jffl«^$4x« 

AZ.BY. KG. KZ.MD, RU.TJ.TM), a-a-y/^itit ^PCTiS-ii'V hOmsRlzH^tttEtiXl'^h ra— htBSH 

(Ar,BE.BG,CH,CY,CZ,DE.DK.EE.ES.n,FR.GB, a):^-^ ^ — h J 




wo 2004/053971 



1 



PCT/JP2003/012080 



m m m 

;^|5^v^btl.s J:5i-'icoT#:^„ ^fc^ cu<^iiliAtti o 8 a'CTfcO. ai<o 

iSll^e 6 0'CJ::^bTSS<^ —m^i^l^^ haW^V— ^s:^ (E 1 e c t r 
emigration: EM) WtSjiSiSfK , '^^4<^ffi•^t^^^•rV^5^:V^*>tt 



wo 2004/053971 



PCT/JP2003/012080 



»9a (a) niE (g) tt«e*«#*»»««>«56*»*=^'^*^»*®^ 

«f590 (f) C*i-J;5K:. CMP (Chemical Mechanical 
Polisiang)CJ;o-r,E«il«&t^a>^K*fta«J^fc»^^«^«^«' 

5r »S«=^*5/^9r»aH«8bS:^iiSKB«i-5. i«>±5Cbr.TB 

t - 1t« 2 O O 1 - 2 9 8 0 8 4Ctt, *.5«^T (IB^Jt, ^KUt^ 

rstress-lnduced voiding Under vias Connected To wide Ca 



wo 2004/053971 



3 



PCT/JP2003/012080 



Metal Leads J (Proceeding of IEEE International Reliability 
Physics Symposium 2002^USA^The Electron Device Society and 
The Reliability Society of the Institute of Electrical and 
Electronics Engineers, Inc^ published on April 7,2002^ p312- 
5 321) 

m^. Hi 00 (a) Tbm. (h) \z^:^ti^m^(D¥^^i^mm<omm^mii^o 

V^Tiai^-rSo Cl«>;^ifeti. 4#ii2 0 00-150 5 2 2^-C:^$^^rV^S'a'^ 

:x.y<iy^^-y^y}>^mm\^tz.m^<7:>f^^^wm(oj^^^'vh^o mo® ( 

tfe'^- K® 1 0 b Sr. Cu^^^-^yhi:^-r^:^y<iy^m^J:*). ^^PT 
^^/HBI3 b±tc:?^fife-t-6. -eo^. I&IOH (e) KT^-tX^k^. 4?)o#|feX 
JiCVD^fe (Chemical Vapor Deposition i^J:*9x Cul^4bSrHulB 

20 ^fet^is H 1 0 0 ( f ) 5 tz:^ HJi^liaiz: J: t) -a^^-:^- KS i o b tf'iZ^IK 

Jq5GilSrCu|g4 b1ij;:lfe1g[$*. Culg4 bSr-^t^^fc^-^TCu-a-^e c <S: 

25 /Hll3bSrl^*U Hi OH (h) \z:^X^\Zi, imP^X'h^^<})TimmB 



wo 2004/053971 



4 



PCT/JP2003/012080 





#112000-208 5 1 

^^9^ (a) Jbm (g) lJ:^i-J:5t3:?^^^tLSCuiBm(^{t^mcgib-C. 
EM«i4i:i:t>l^. stress induced migration (SM) l^lJ;^^^ K?^^ 

r tui^^ ±mm 2 0 0 1-29808 4RtJ^±IBTHlfT^t^lB^^ 5 
L,*.U*a5fc. jt|B«BS2000-2O85 17«>±5C,a51Oia (a) 7i 

v^5. gpt., Ka 1 0 b sr«fiSufcaMM^«. ^^i'- <-•)■ 1 0 » 



wo 2004/053971 



5 



PCT/JP2003/012080 



(om^^ ^^i/*- 1 0 b rttc#< mF-t^Wsajbm<omw-v^ c uWMo:>i& 

lEtJ:^ ^'^l^^ Kg 1 0 b 'f'i^^P^^^^^iJ: ioT. C ujg6 c O^^ii 

* fe. C u -^t^ ix- Kg 1 O b S:;^/-? y ^ mz. J: 9 Lfc#^t::f±x . 
Jj: i S C u OS«)i2^^^4;65iB|t^lf Xt;lBi^7L©#it- J: D M^jJ S ^«). ^M^^ifi 

mM(om,\^^^-t^'^^^— K® 1 o b (omMif^M< 5. ^(Dftitf^ Mi<^ia 

|gt::> _b|B#§i 2000-208517 lc:li> C u S n-g^^^i/— KgiS^.^V^fe 

v>S, J: 5 /^y T-?< ^>'HII3 b t^^i^— KJi 1 0 t<D^^^(0^^ii 



wo 2004/053971 



6 



PCT/JP2003/012080 



= Hf (^N7=fA), Cr (^-aA), Co (=.^<!/W». Al (r/V5 

= Sn («), Ni (=->'^/V)> Mg i-^i^^i^i>J^) »tJ=Ag «B 

Ti, Zr, Hf, cr, Co, Al, Sn, Ni, MgRWAgil^fo^S 

5. 



wo 2004/053971 PCT/JP2003/012080 

7 

Tin Zr, Hf. Cr. Co. AK Sn^ Ni^ MgJtU^Ag*^ 
20 ri:Sr#mi:-r«5, 



wo 2004/053971 



8 



PCT/JP2003/012080 



iziit). xmSrWB&UT. iam<^?^^xm^^B&fb-t-sri:365-^#5. 

B&IB^^^Ii. ^J;^^^^ Ti. Zr. Hf. Cr. Co. AK Sn. Ni 



WO 2004/0S3971 PCT/JP2003/012080 



15 e>Cujlg«fH::l£ife§-*Sxmi:x ^!iiyj^j;^7cm<^®Sr^*'t-5XSi:v ^^"T 
i^misb72<tjm^\^^ bits J: 5 ti:^m&xmiL'rt<oc u <z?ffiae>ji^ti:J5^'fe5 



BNSOGCa> «1MO 2OO4OSa07Ul I » 



PCT/JP2003/012080 

WO 2004/053971 

1 0 

r cu®tt»*KJti-5/^yr^*'.HSS:«SKi-5XSt, SiEE«fflDfl«rt 



wo 2004/053971 PCT/JP2003/012080 

1 1 

-rsxm. ^P5D^«rl£Sfc$*5Xm. S.t;«> i^<^SSAP7Dm<©®S:^*i-«X 
m^fr 5 r i tJi J: 9 X WdMm^m-^i>^ C ul^<©±icj|^^^^xSP i: S^f S C u 

^^7Dii<?5®s:?^fifei-sx@^s s&fa^7c^^i£^*"^«>xmi:x ^mm^n 

ttrfB^TC^ttx T i. ZTs Hf . Cr. Co. AU Sn. Ni 

m2m (a) (j) fi;^^m<omimm^m\^^^¥^mi^mm(omm:^& 



wo 2004/053971 PCT/JF2003/012080 

1 2 



^60 (a) 7!;^ (i) fi;*:|S8«<^B3^J^fiit^^^^^<^^«^^'^5^ 
80 (1) TI'S ti(^C<;*:BB«<^^16««lt=^*5itS^Sxm«r^-r»f® 



0-efcSo ^ . 

(a) (g) i^%M<o^m\^^^f^^^^^''^^^^^'^ 

100 (a) (h) ,iti£^OT^^3lt5^^^(*^^S^ia5t^*^^'^ 



wo 2004/0S3971 



1 3 



PCT/JP2003/012080 



11170 (a), (b) tif^i6mk^7j<i.it^\^^if^^^n,^m^^M 

6 b i y T ^ 3 b i: (DWmRXM:(07&.B i7 h t i.X^'t) tc, # 

c M^^^m6 b ,^S3gtfife;^3&s^^J$n-f . i n m:o^e> i o ^ 

^7 bJc^^cmirCu i:O^Bg^b'a'lb#35SJ^^$J^fc^3t^:;^CoTV^5. Jfc 



wo 2004/053971 PCT/JP2003/012080 

1 4 

1 0 nmrn^OiiS^Sr^-t-. 

jgfc 6 b i^lfP J: t) f>#^< o:>mmmib^^ b-CV^^„ :ir{!js6«Jl2:iis C u^^Jgte b 

5 mu7um(omm(D 2 ~ i o o o i^a^. 0*b<ttio~ioo itm^-cfc s 
cu'^^m^:^xM:<o^B7h\z.i3i-f^ma7tmm^i-i. mi^ti. xm^^k^ 

Cu^B%^rtia56b. mv^^^l;t5i:/W^{^Cu6b^*. 0. 

Cuj^^i^{^lf|56 bl::*3ttS^P5c^^^{is ^^ll^^^- SIMS ( 
secondary Ion Mass Spectroscopy)^ X0^5t^JJl«t t) r. i:*^ 

^ie-t?fc5o SIMSI4. S IMST•^V^5lf-i^@ (ji^lS+Mm) tz:i*;-<-C 

fix D t>/^$v^m-^^^:^i^ S I MStziJ; t)^^B3^#S.U^C u^B^B*£i^gp-C<^¥*& 



wo 2004/053971 



1 5 



PCT/JP2003/012080 



-^,Vzi=^^J^ (Zr). y^-^:^^^ (Hf)> ^nA (Cr)^ a/^/Uf (Co) 
S:fflV^Sr ^365^j*UV\ ^?D3Si:UT«:^ Je<Z)<&*C. T/^$;i!>A (A 1 ) 
> m (Sn). ^y^/V- (Ni). -^^^i^l^A (Mg) XU^« (Ag) %^V^5 

5 VtcCu^mW£M<Dmi^\^X t> > '"^-'^^ C u 6 b 4»©^q7c^i2: iSli-T-^SL 
i: o TV ^ ^ C u ^^B«S[#Xt^*-t<^)ife^*tl?®i£^ 7 b ♦^:f±^ ^5uilXfil^ 

Hft^aatcjott 5 c u (^g^^b^ttisi-sf^ffl t . c u^®2ft.u5c u pm\^^'t^ 



wo 2004/053971 PCT/JP2003/012080 

1 6 



(Electoromigration path in Cu thin-film lines) J .(Applied 
Physics Letters. USA. American Institute of Physics, 
published on May 17,1999). 7 4#(Vol.74). 2 94 5-2 9 4 7K) 

EM, SMiSSi4<^fc5i^it^14^Cu^miamSr^-t-5:::i:^^l'T 
0 (a) (j) Sr#RSUTmeii-So 

B2@ (a) ti^o±l::JiSiam:655^^$ti/5TaaamSr^i"o ^<^T^ia^ 

fi. ^IKla. T^j5^/^J^3 a. C u 4 a&U^^^y Ti^lilKS a 

^20 (b) ^^:^J:5^^:^ :i<7>TPB2lUiJ2:i^^i b Sr^U ^<^^> 



wo 2004/053971 PCT/JP2003/012080 

1 7 

♦ 

1120 (c) l^^-rJ:5t-s y yiJ^7:7>f-i:S:&i4:3iy^>'j/4cJ:or. ^ 

mm $ fiftiwsMmRxfjsmin^^'^ vr^^^msh b> c u 4 b srm^ii 

5 b Sr?^^i-S, ^felc. (g) tc^-Ti^t-. Cu^^4bcftJ:|fe 

® 5 b=Sr^*i-S, ^^Tc^S 5 b "f^y h:3^5.f^:^i/<^)ft:t>t)tc 
CMPS:ffiVN-Ct>i:v\ m^X. ^2m (i) tJi^f i^tJi^ CMPlJ:J:«9iam 

^ 2 la ( j ) 0 ^ffi^®t^C u ©ISit^ l£tfeS:S&Jti"5>'^ y Tite$fc 

SIS bSrJ^^-f-S, 

1520 (b) -^20 (j) ©xm^i^t)ig-f-ri:*-J:9^ $ e>t-±^<^iB^ 

^±<55i!ijt::;&?fe-e«x ^btc^^ 5 b <^?^^ (M2® <f)) i:^ ^5cm© 

5 b i J: ?) ^ ayiP5c^S 6 b <^?^^^ C u ^^^'^^-^it 



wo 2004/053971 PCT/JP2003/012080 

18 

« 

2 mt^mm) 

8 b i: C u 6 b ^ O^S C u i ^^Tcil t <0^^mit^ 

15 8 b i: (omM^-i^^-t SBll(Z>mMtt:i5iai* 
® (a) Tbm (j) Sr#HSU-cmi9"r5o 

^ 2 mm^m<om^^n. cm p j: t) ^sn^^ c u e b ^^^^^ y r ^ ^ 

20 ^(om't^^xhZo 

^4EI (b) J^:^-t- J; p iz:. :L<oTmWSMit\^mmih^^^^ 

(c) iJi^-r J: 5 V yisry7x-tm:^m^y^>^^^^o'^> ^ 

25 IK 1 b l3:gam«J^t)lB^?LSrm-r 5o ^ 4 0 ( d ) i 5 1-. 

/^yT;^i?'^Hil3b^?^^U C u 4 b ^craJ?>iitfo ^^clJi. ^4gl (e) tC^-T 



wo 2004/053971 . PCT/JP2003/012080 

4m (b) -040 (j) S:mt))Si-^i:t-J:t)^ ^ lb\^±m(OWM^J^^ 
15 £iJitf?®Iit:;^?fe-Cr4. ^TCIilS 5 b ©J^^ (^4® (g)) ilSJP7cm<^C 

jp5c^® 5 b ^m^-r^ :Lt\z.i:r). m^Ttrnm 5 b <ommh c^x^n^^^(o 



wo 2004/053971 PCT/JP2003/012080 

2 O 

m (&) Tbm. (i) <Sr#R5UTmB?i-S„ 

mem (b) {j^^x^K^ :L(DTmwsM±.\^imsMihim^u ^<n>^^ 

1^1 b4'l-i2i^^5.tJiai&5L%?^^i"So "^(0^. 1160 (d) tc^-f- J; 5 J::. 
/^UTpf i5^/H^3 bSr?^^U C u 4 b ^«|J?)5itfo 1160 (e) t^l^ 

•^<??#x M 6 0 ( f ) i 5 ttx CMP J: «9 BailSIRt«l^?UW1'<^# 

3l03&Cu^tt)«^^yT;^i?/vSr^*-r5o ^Jct-^ 116 0 (g) kz.^2:^\z^ Cu 
^®|j:Cu4'*2:SliIl-rS7cm©®5bS:?^^i-S. iS^clJi. ^60 (h) iJL^-tX 

3 0 0'C~5 0 0'C. ^Pigttl 0^~lNF^J-^^-t-5o 

^tc, ^6 0 (i) iiZTTi-rxoK. ^zx^y h^y'f':^^\zLxr)^mti:Wsa7€^ 

S5b^K^*i-5o mJP5clflS 5 b (DK^*»3:fi^ ^^^^ h=^y^>'^<oitt>\>i:i 

CMPS:^V^Xt>J:V^, 

« 

^60 (b) ~M6® (i) ^^tJiSi-riicJ;?). JEtci^OiamSrJ^^-C 
#5, 



wo 2004/053971 



2 1 



PCT/JP2003/012080 



u01^^^^(^^^ mem (h)) k^i^nxnoX^^^tK MtBLX^Ti^M 

® 5 b ^J^^-r^ r l:: J; 0 X ^Ptc^P 5 b <D^^t c u ^^^^-^(DmaTt 

(a) Jbm. (k). msm (i) nm. (s) 7^mm<Dmmm\^^if 

i^y =i:xStR (0^b3&V^) 10 0 0 nin<7?S i Ojgl (Ife^) 1 a % 

;:i<z>Jtij:^iEii&JP (Mmm) ^u^^^fi^^-^^y^^m^^^xm^x^tL 
m^s ^(o±M\z.7'^rji^y-^^^'^m^i^^xf^2.wmm (sa^^) w^^w. 

SiOalSllaJi (a)) IC. :ii5/^V^;^h5'^>--i:55e5ff$5 0n 

m(OS i CIK f y ^-^-j^iiW 2aSr^U m^X. (b) tJl^ 

^iiailP(j:33J-tSia;m^S:iteiS:i-S^«><^i^^3 5 0nmOS i o, 
01 (ite^) IbSrsmU ^70 (c) tJ:^i-J:5t^. yy^7:7^-i:^y 
^>'t/lcJ:o-rs iO^l^l bfJ3:iBII^S:?^^l-i^- II7@ (d) 

b?tt:5^^y T7<^/Hgl3 a^ 3ttFl 0 Onm©Cu#lKSr?^^U iOCulg^ 



wo 2004/053971 



PCT/JP2003/012080 



2 2 



70 (e) lC^i-a:5l^> Cu3^rp«t^^^^ci?>t^^m#ffl^*-Cl^ 

So 

#CMPt^J:5. ^mti^Cn. Ta. T a N(7>€-eSr^*b^o r<Dll®^®t:: 
. ^70 (i) \C^'rX^K. :^7X-=rCVD&lCj;o-C^$5 0nin(^SiC 

NIK (^^yrifeiiysi) 8 a^?^fifcUT^l@amJi^?^fifel'^« 
Hi^. ^70 (j) l^i^i- J: 5^ l^. sio,^ (IfeMe ic. SiclSt 

Vy^<-mmm) 2b. SiO.I^Ci^MI) ld«:> ^^4 0 0nm. son 
40 0nm(^l?$t?:/7X'^CVD^t^J:oT^U ^70 (k) 

^)yiryyX-tm'&Vy^^y^''^^^-^^'^- SiCNlglSaSr 
:^y^>^7^Vyy^-il\^X. SiO,)Klc. SiC^2b. SiO.lRld© 

i s i Ciei2 b Sr^.^^^^-^:^ h y^<-t UT. s i o,lK 1 c cD-^iS^^* 
U-C. ^2iB^(^>SBI&?t<^±SP^?^^^^- (m) 

muos i ciK2b*^^i4:-5'^i-^t-J^t'^*^"^^ %i.^smm(o±^im 



wo 2004/053971 PCT/JP2003/012080 

2 3 

5 (n) tc^-rJ:5lJ:x ^:^>it:^y<^yi$'m^^oX. T aNJKifcT alKSr^i^ie 
jgSrV— Ki: UTm^¥P«)ot?fet3:J:o-CCu4bSrffifciiA/:^o 

(DMiz^mmm^^x^mm^Mi^f^^. f^sm (p) i-^i-i?*-^ cus^ 
10 m^m\^mm 2 0 nmoT i m immmm) 5 b s:;^/-?^ ^ v i^^\zi:<^xm 

tCMPtJlit). ^PJ^jiCux Ta. T a N©^Ji%^*b;/Su 1^8 
15 (s) K7^^X^\^s ^(Dmm^m\^. :7'9X-TCVDfeiJ:J:o-C^$5 0nm 
©SiCNIlt (/^PT^fei^) Sh^m^V. :^h\z:»^'^-mtVXSi02m 
9 ^J^0IU/L. 

pbfc^t-x Ti. TiN. Ai ^WiiJc;^^"^V^i?>'^t-J^-=»"^^^'^- 

20 ^yy^-t=^iy^>':!^\^^o'^A 1 /T i N/T i H^lglSTm^SI^^^-^' K 
(itiie^il) 

g«:> fitr^<?5m9BI (a) 7bm (g) J!:^J:5tJ:f^Lfeo ffe^afflk 

25 ^5//^•-^^lgl. /^PTpt^5'/nii. y<VTimm. *^^-ifeidig«. ±i^©^ifi 



wo 2004/053971 PCT/JP2003/012080 

2 4 



^im.(om^o, 2 urn. rmmn (ss^m) ©®36sio/imt?fcs^3i->i»: 

^p^(0^^i-t^ Focused Ion Beam (FIB) lCj;6^WDXi:^ 
Transmisson Electron Spectroscopy (TEM) JJl J:5m§^<^^*> -tlB 
#^2001-298084 "C^^$i^•CV^S i 5 ^i:Sl^?L<^TgiBm$P4 a 

^M^<^fMs|'-Ctt. ^^:65:;k^§^cafe#$i^-CV^5o I5 0r-t?i0 00 

^fifto m^Jiu^^m<fr^^t\zx^x. looo 



wo 2004/053971 PCT/JP2003/012080 

2 5 

V^fc^m. S i O.mmi a±lCT a/r a U^^VT^ ^7WlSE3 a ^?^^U 
, $fem700ninOCu®S:?^^U 2 0 nmOT i ^flTDm® 5 a SrJ^^b 

ftmt. ±.ummm<o^mtmm\cW\^tc^^^ii^X'^^. ta^. ^^^^ 

wMmim^\^x\^^\.\ mi smi^nt. ^ 

IMS) lcj:t). Cu't«fl5Ti. Cu. NO:5^^SrS!l^bfc^;^Sr^. 

T i ofcifc-Pi^^f* 3 5 QXm^(0^mrQ^-X^ < ^V^fc^?). C u«1^Sr 

T i 3dsj£ffc Lxm i^mo^^ fji-m^^m^^^^^-f^^ ji%x.is< . t i f* 



wo 2004/053971 PCT/JP2003/012080 

26 

a %?^^U Hi- 3 0 0 nm<^>C uji^J^^U N i ^P5£^JS 5 a SrJ^^U^ 
r. CoT•*>S«--<^5'll^53|5^^^:oV^T. ^TC^M^l^. m^#ffl^'t'3 5 0 




^^(T^-iBSr^b^o 5^*3. ^(omtt. fHfjife (C. Kittel^. ^|J4§^i£f^. r 
mi^<DM^^U 1 9 7 2¥^^T. P 3 3 8) d^b^iK^'urc^ia-c 



wo 2004/053971 PCT/JP2003/012080 

2 7 

(i, C u T a 0#®#ja-CO<^f— tJ'H^fcH'&V^ 
^fe, ^170 (a), (b) tt. ||16|at^:^bfefm^^:*3V^T. ^ffit^T i 

(SEM) i^KSr^o mi 7® (a) Cu^lg^tJiC 
u^ffitziT i S:^j^^l-3 5 O'CS 0:^ra<^^«!i3®Sr^Tofc^-Cti. Cu<0 

m'^bU■CV^5;li::65it^$HTV^S. ;li^^^:»U 1117® (b) \:i^irX^K^ 
CM0m^m^Cnmm\^r i «r^U 3 5 o*C3 04^ra<^^aS^fTo;/tfMs^ 
■ett. Ta^®t±¥?&-C*>«3. Ta©i6<btt^e>iX5^CV>o ^©^^1*^160*^ 



wo 2004/053971 PCT/JP2003/012080 

2 8 

^^:RB3£$i^5^J^v^;OS^ a.l't^ l 0 0~3 0 O 0 nmm^s ^^J^ibJis 

1 O 0~1 0 0 0 nm^Ss WBMl ctts 1 0 0~1 0 0 Onmg^x Ife^BI 
Idfi^ 1 O 0~1 0 0 0 ninS^"Cfc5, 

;^ ^ 5/✓N•-^&^2(^5^^^s^^: b-ctt. s i c> s i n. s i cn^> 

iffegdiS 2 a tt. 10-100 nramSLs 7. Y y-'"'— i^i^2 b ttx 10 — 1 

ttS. BaiSt?S<?5®tt. #l;:|S^$tt3^fVNd^ iia. iil^s 0~2 O O O 0 nmS 

^-fb^fe. ::tte>l::s i ;^j:^^»PU:fe35cmt> U< «:47^m«>^<bi|&**fc^U 
/c^l^;65^v^e>^^5o /^PT^^/HSStt. >(:i->^it:^y<y^'^. CVDife. 
•^^ Layer Depositionife (ALD) j; ?> Tpt iJ'>'Hgl3 
(Om^ti. ii#JcRB:t$HJiCV^d^ /^yr^^/UKS afin 5 — 5 0nm^. 



wo 2004/053971 PCT/JP2003/012080 

2 9 

C^x^^m.^^ (Cu^^S^b) <^^ti6(Z)g&«l!a«:> *^^©3l7C#ffl 

ma7tmmS(DmmPtt\.X\t. T Zr. hi. Cr. Co. AK s 
$tt5. ^n5c^®5®l^tts #^^:I5g^$^^'S:v^*^ ^P5n^P5a(i. S--- 

1 0 0 nmai^s mailTDm® 5 btt. 5-1 0 0 nma^tffcS, 
#ffl^TtrfTfc>tu5, 3 0 0-5 0 CCgl^i^SJt^ft^T. 10 

^^PTlfe^8<^D«lfifcN■3ls^^:bTtt. SiCN. SiC. SiN^. CutJ:^ 

/^JJTi^iidKSatt. aO-lOOninm^. /^yT^^8bt*> 20-10 
Onm^^"CfcSo 

glTLOilifi. ^J#l^:ISJt$a^/j^v^^^ iil^S o-l O 0 0 mnmH^i: 



wo 2004/053971 



PCT/JP2003/012080 



3 0 



9<Dmm^. i^^;lls^$tbfj^v^^^ :ti^<-mmm9tx. 1 0 o-^i 0 0 0 o 



wo 2004/053971 



PCT/JP2003/012080 



3 1 

in ^ <^ ft es 

2. n(it&m\i7umi>K Ti (^^:^). Zr (i^/W=.z^ Hf (^N7rzi> 
Cr (^oA), Co (3^^/V'b)> Al (T/l^^^lJ'-i*). Sn (®). N 

e 

3 . MIS^^*a[|fRTJ^/XtiStnffii^B%S[|^j£«iFtJ:tix T i s Z r . H f . C r 
, Co. AK Sn. Ni. MgRTJ^A gd^feJ^CSg^36-b^$nfe^>'5C< t> 

4 . mm^^mwRxj^x:^ntm^^u^>&B\M. T i . Z r , h f . C r 

, Co> Al> Sn. Ni. Mg&t5Agi-e>?^jiSS^*^e>^$tt^^J^j!fc<i:t> 
7. #j^^Cu0$:?^^i-Sxmi:> 



wo 2004/053971 



PCT/JP2003/012080 



3 2 




t:m-r^:it^,., — 

9. tSIBl^TU^tt. T i . Zr. Hf. Cr. Co. AU S n. Ni. M 



1 2. ^#{^#^d$?^fife$^^-S«-hl-. ^W^?^fiSi"SX^^- 



wo 2004/053971 



PCT/JP2003/012080 



3 3 

Huiaiai^^ HQ^FPt^ <D C u J^_bli:mi7ul{l;6^ ^> ^ 5 ^ ^J^^-TS xm t X 
BtrlB^B5c^*prfBaiiP55^oP:d*^)tt®Cu|gl»t»t::*£Si:^-^SXS 

1 3 . m^moc u MSr^^i-s xm<^irt-N ms.mM7tm<Dm t:M^-t^ 
urn. BtiiB«P7D^^*£fc$-^5xmx jitj^^ m^m(owm7tmmt:^^ir^ 

xm^ BulB^PTu^^lEtfc^^SXmx XU^s Bul3^fy<0^5D^^S:^*i-6 
XSSr^T 5 r i trmitir^m^m. 1 1 Xli l 2 tJ:|E«©¥^<if^»oS8ig:^ 

o 

1 5. gfiBS^te^JPiiai-sxmi:. Bula«I7c^©es:?^^sxmi:^ gifia 

1 6. Bt[|B^5c3!ltt> T is Z r. Hf. Cr. Co, Al. Sn. Ni. 
M g 'BiXJ^A g ib^h fa S hWR $ tt^il^^t < o 1 S<05c^-^*> 5 r i: 



wo 2004/053971 



PCT/JP2003/012080 



1/1 5 



H 1 0 




wo 2004/05S971 PCT/JP2003/012080 

2/1 5 

m 2 m 




wo 2004/053971 PCT/JP2003/012080 



3/15 



m 3 ^ 




wo 2004/053971 



PCT/JP2003/0120M 



(b) 



(d) 



4/1 5 

m 4 




(f) 



6b 3b 3b6b 



4a 3a 







7b 6b 3> 3b6b 



(e) 





wo 2004/053971 



PCT/JP2003/012080 




wo 2004/053971 



PCT/JP2003/012080 



6/15 

mem 



(a) 





(g) 



(c) 



6b 3b 3b 

1 /-5b 





;~1b 



1a 



(h) 




7b 6b 3b 3b6b ^. 



~lb 



~1a 




' 7b6b 3b 3b6b 



~1b 



wo 2004/053971 PCT/JP2003/012080 

1/1 5 

m 7 ^ 




wo 2<IM/aS39Tl 



PCT/JP200Mll20m 



8/1 6 
is 8 B 



(I) 



8a 
-lb 

1a 




\ „ 





(r) 



(s) 



7b 6b 3b 




1^ 



IM— 2b 
-1c 
8a 



Mil 




7a 6a 3a 



j20O4O6387lA1.L> 



wo 2004/053971 



P€rr/JP2003/012080 



9/1 5 

m 9 Bl 

(a) (e) 




wo 2004/053971 



PCT/JP2003/012080 



1 0/1 5 



m 1 0 




4a 3a 




(a) 



(c) 



6c 7c 3b 3b 6c 



1^ 



N-1b 
N-8a 




(h) 



6c 7c 3b 3b q. 




4a 3a 



(e) 



3b 
lb 

8a 



wo 2004/053971 



PCT/JP2003/012080 



1 1/1 5 
1 1 gH 



1 



0. 8 



M 0. 6 

an 
K 

i 0.4 



0.2 



O 













1 






i — 


























— — 


— 



























-200 0 200 400 600 800 10001200 



1 2 



O J±^0aai^iO?S:L) 



99. 99 
99. 9 

99 

95 
. 90 
80 
70 

50 
30 
20 

10 
5 

1 

. 1 

01 



5 





1 1 i 




rrr 

1 'I 
1 1 












nm 


1 

t t 








1 |>f 




1 

1 




1 
















T — 








/i 1 




1 — ri 

\-L 


n 


-1 


... 








— 


""1 


rr-n 

1 








^- 


—J- - -p 

— 1 \' 




1 




B 


-• 
















^/ 




— 1 


! ! 










1 


h 




— 












rrr 




1 


t j 




1 


1 


















1 ^ 


— - 


1 


ri 




1 
1 


4 

1 1 
1 




h 


1- 
















i 1 


— 

— 
— 


■ -1 
r 1 


1" 




ri 
1 

n 


rf 

: 

I 1 

J 






1 


I — 1 

1 

1 / 


■"1 


ri/D 


T 1 








d 




\ — 














3 


— 


— 
















1 













































































— 


- 












— 


r 

i 




— — 
... 










1 




i 




- 


II 










1 


1 















10 



100 



1000 



O J±3SJ^jai^i075:U 



wo 2004/053971 



PCT/JP2003/012080 



2.4 



E 2. 2 
o 

a 

2 



1.8- 



1 2/15 

mi sm 





□ m^Z (aOOrSOmin) 
O ims OSOtSOmin) 


1 1 1 1 


1 1 1 1 





o 



-Ho 



3 

o 



I- 



o 

CO 




0. 2 0. 4 



I Ta/TaM 
I— 1 



0.6 



wo 2004/053971 PCT/JP2003/012080 

13/15 



1 5 





8 




7 


1— 1 

E 


6 


o 


5 


a 






4 




3 


i 






2 




2 




0 




S 350*0 
□ AOO^C 
O 1 atomic^ 



1atomic% 
400'*C 
350'C 



wo 2004/0S3971 PCT/JP2003/012080 

14/15 



Hi 681 




[Mm] 



BNSDOCtO:<WO 2004QS3S71A1 I > 



wo 2004/OS3971 



1 5/1 5 
m 7gi 



PCT/JP2003/012080 




(b) T i^m^^) 



INTERNATIONAL SEARCH REPORT 



lotemational application No. 

PCT/JP03/12080 



A. OLASSIFICAHON OF SUBJECT MATTER 

Int.Cl^ H01L21/3205, H01L21/28 



According to Inteniational Patent Qassification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Nfinimuni documentation searched (classification system followed by classification symbols) 
Int. 01'' H01L21/3205, H01L21/28 



Documentation searched other than minimum documentation to the extent that such docimients are included in the fields seardied 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsu^o Shinan Koho 1994-2003 

Kbkai Jitsuyo Shinan Koho 1971-2003 Jitsu^ Shinan Toroku Koho 1996-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DCKnJMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where a^ropriate, of the relevant passages 



Relevant to daim No. 



X 
A 



X 
A 



X 
A 



JP 2-165632 A (Toshiba Corp.)/ 
26 June, 1990 (26.06.90), 
Full text; Pigs. 1 to 3 
(Family: none) 

EP 751567 A2 (International Business Maohines 
Corp . ) , 

02 January, 1997 (02.01.97), 
Full text; Figs. 1 to 11 

& JP 9-20942 A & US 6063506 A 

6 US 6090710 A 

JP 9-64033 A (Sony Corp.), 

07 March, 1997 (07.03.97), 
Full text; Fig. 1 
(Family: none) 



1,2,3,6 
4,5 



1/2,3,6 
4,5 



1/2,3,6 
4,5 



fx] Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited documents: 
'A* document defining the general state of the ait which is not 
considered to be of particular relevance 

V eariier document but published on or afler the international filing 
date 

"LT document which may throw doubts on priority claini(s) or which is 
dted to establish the publication date of another citation or other 
special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or other 
means 

V document published prior to the intemarional filing date but later 
than the priority date claimed ^ 



T" later document published after the international filing dale or 
priority date and not in conflict with the application but dted to 
undei^and the prindple or theoiy underiying the invention 
document of particufau- relevanoe; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken atone 

"Y* document of particular relevanoe; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a peison skilled in the ait 
document member of the same patent fomily 



Date of the actual completion of the international seandi 
12 December, 2003 (12.12.03) 



Date of mailing of the international search lepoit 

24 December, 2003 (24.12.03) 



Name and mailii^ address of Uie ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



cxr«» i>r-r /f c An^Q (second sheet) (July 1998) 

BNSDOCID: «WO_a)04083e71A1J_> 



internahonal search report 



Intenutional applicatk» No. 

PCT/JP03/12080 



C (Continuation). DOCUMENTS CXJNSlPatEP TO BE RELEVANT 



categjay* 

T 
A 



atation of document, with indication, wbere appropriate, of the rele vant passages 

JP 11-102909 A (Sony Corp.), 
13 April, 1999 (13.04.99), 
Full text; Figs. 1 to 6 
(Family: none) 



Relevant to daim No. 

7,9-12,14,16 
8,13,15 



BBS^mS*^ PCT/JPO 3/1 20 8 0 



Int. Cl' H01L21/3206, H01L21/28 



B. §i^*fiofc^» 



SiSSrtTofc«/jN|E»3pF imiSi^Vf^^m (IPC) ) 



Int. CI' H01L2 1/3205, H01L21/28 



1^1 



■Ski 



1 9 22-1 9 9 6^ 
1971- 2 00 3# 
1 9 9 4-200 3^ 
1 9 9 6-20 0 3# 



Lfctt^^*-^^-^ (9*-^'-<— ;^Oi&l!?> IH^ir^g^ U^^H) 



C. §Sii-t-5iS^Mi5^» 



X 



JP 2-165632 A iW^^^^'^) 
1990. 06. 26, Si -3® i:7T^V—i^V) 



EP751567A2 

(International Business Machines (k)iporation) 

1 997. 0.1. 0 2, 01-11® 

& JP 9-20942 A & US 6063606 

& US 6090710 A 



1, 2, 3, 6 

4,5 
1, 2. 3, 6 



4,6 



:Sti» (S*Sr#r) 

roj pufcisw*. mm. m^mzn-r^xm 



TTj ffl|gWSBXttfiE56B«K:^$ixfc:StSt-efcor 
fYj 4#tc§gig©fcs:S:iSltt?!foo-C. ^^3CiRi:fifc01El 

r&j ra-z^^v h :7 T § y -SaR 



@erl|Si3Etr^T Lit B 



12. 12. 0 3 



B*S4#»/f (I SA/JP) 
m«-9^1 0 0-8 9 1 5 




4M 



917 1 



03-3581-1101 (>im 3 4 6 2 



^PCT/ISA/210 (II2-5— (1 9 98^7^) 



BNSOOCn: <WO_Sa(MCieaB71A1J_> 



PCT/JP03/'12080 



X 
A 
X 
A 



JP 9-64033 A (y=^—W^^^) 
1 9 9 7. 03. 0 7, mim i-^r^V-^il') 

TP 11-102909 A 

199 9. 04 13. mi -em (^^T^y-JfeU 



1, 2. 3, 6 
4,5 

7, 9-12, 14, 16 
8, 13, 15 



«a:PCT/ISA//2 10 m2^-i^(DiSlis) (1 9 9 8^7^) 

t 



